METHOD AND APPARATUS FOR THE SELECTI VE DEPOSI TI ON OF EPI TAXI AL GERMANI UM

STRESSO™ "~~~ &7 77 77"7R0UND OF THE INVENTION Field of the Inventinn
[ 0001] T« i bed herein relates to manufactu t or
devi ces. :ally, methods are described of f ect

transistors using strained materials. Description of t.._ ... _._.

[0002] Ger mani um was one of the first materials used for sem conduct or
applications such as CMOS transi stors. Due to vast abundance of silicon
conpared to germani um however, sili con has been the overwhel m ng
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t he source/drain areas as. sone nmanufacturers have done for the 45 nm node.
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for form ngngtsteegdrmatafiales on a seni conduct or

Description of the Related Art

[0002] Germanium was one of the first materials used for semiconductor
applications such as CMOS ftransistors. Due to vast abundance of silicon
compared to germanium, however, silicon has been the overwhelming
semiconductor material of choice for CMOS manufacture. As device geometries
decline according to Moore’s Law, the size of transistor components poses
challenges to engineers working to make devices that are smaller, faster, use less
power, and generate less heat. For example, as the size of a transistor declines,
the channel region of the transistor becomes smaller, and the electronic properties
of the channel become less viable, with more resistivity and higher threshold
voltages. Carrier mobility is increased in the silicon channel area by using silicon-
germanium stressors embedded in the source/drain areas, as some manufacturers
have done for the 45 nm node. For future nodes, however, still higher mobility
devices are needed. Thus, there is a continuing need for methods and apparatus

to form high mobility semiconductor devices.

SUMMARY OF THE INVENTION

[0003] Method and apparatus for forming stressor layers on a semiconductor
substrate are provided. A germanium stressor layer may be formed on a substrate
by positioning the substrate in a processing chamber, flowing a germanium
precursor into the processing chamber, forming a stressor precursor outside the

processing chamber, flowing the stressor precursor into the processing chamber,
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substrate are provided. A germanium stressor |ayer nmay be forned on a

substrat~ = ==~"**-=1ing the substrate in a processin~ ~~~-~*-- *f!-=-"ng a
ger mani u nto the processing chanber, forn

precursc » processi ng chanber, flow ng the sor
into the piuecsor iy chanber, and grow ng the gernmani T

epitaxially on the substrate. An apparatus for formng such layers i ncl udes
a rotating substrate support disposed in an enclosure, a plurality of gas
inlets formed in a wall of the enclosure, a | east one gas outlet formed in

a wall of the enclosure, a reactive or non-reactive source for generating a
stressor @PQC&WQ dB%pﬂQfﬂ‘af‘tb‘”h R8s nlaver tﬁP'taX'faU)f an dmmdypstratg.  An

non- r eact ighBa AW 68 fdrRfindPSR 191418 ikl GRS RjtaRPE RS HER YU %QHQ)‘IS%@S&@I@ gas
inlet by a second conduit, and a heated exhaust system heat ed exhaust

syst em ma@ntRIGESHIe; GeRlUniadtyqi s1ai dnf etsdorneel ea W@H@éihmewo%&%am@ﬁsb@?ﬁponent s,
and rmay 'gﬁé%ﬂeﬁfo?ﬂ@@%%%élp& Fh%%clc{sgﬁgg ;Qé%tn%e ?’%(;Boﬂ(/g%liﬂr%@rfomy be a

hydri de, the stressor precursor e a met a A selectivity
control sgeoewding faostr@sanwr@uasqﬁaaqua@dg@sa gasyinlee byrﬁ:lfmﬂe:@ndwt e nhe-

i ol octri (o SebPer R kS RGOS Tl B oA T SRR S

[ 0005] So tskednd benduiinaed ai imeaisd ehham sgteme - Wbelh'eetédf@@austeWSMmmh&y pr esent
i nvention can be understpo etail, a rmre CI‘I t|on of the
i nvention h%%?iaefcpé{?%@ﬁg%ogé g adiﬂ%@orb %/t §§T§ rée}pc may

enbodi mentirsgludecareorafenshtiarhtrap.e il 1 ustrated i n t he appended dravm ngs. It is

t(r)rbbg_ not ed, Powever that the appended dravvi ngs illustrate only typical
i th g 6ot s doB el Rl oB o ety Bl e b8 RO eg

ef f ecti ve neaybmala mmalshah{iéow\ﬁe]eﬂb@unt)ecdntlod; saednéa\forchmm&ahdmga’as:inn@/ a
et hod ac%ordrgcrll etdO e tﬁe reaclfrEn mixture to control deposition selectivity on

semiconductive and dielectric regions of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] So that the manner in which the above-recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0006] Figure 1 is a flow diagram summarizing a method according to one

embodiment.

[0007] Figure 2 is a flow diagram summarizing a method according to another

embodiment.

[0008] Figure 3 is a schematic diagram of an apparatus according to another

embodiment.
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[0007]Figure 2 is a flow diagram sunmari zi ng a net hod accordi ng to anot her
enbodi =+ fAnnol ™ ~yre 3 is a schematic diagram of o» ~nnor~tue ~~sording

t o anot
under st

to designate identical
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cal reference nuneral s have been

litate
3Si bl e,

el ements that are conmon to the tigures. It 1Is

contenpl ated that el enents disclosed in one enbodi nent may be beneficially
utilized on other enbodi ments without specific recitation. DETAILED

DESCRI PTI ON

according[to on

e
0009] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It
is contemplated that elements disclosed in one embodiment may be beneficially

utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0010] Figure 1 is a flow diagram summarizing a method 100 according to one
embodiment. A semiconductor substrate is positioned in a processing chamber at
102. The semiconductor substrate may be any semiconductive material on which a
stressor layer is to be formed. A silicon substrate on which a transistor structure is
to be formed may be used in one example. The semiconductor substrate may have
dielectric areas formed on a surface thereof in some embodiments. For example, a
silicon substrate may have transistor gate structures and dielectric spacers formed
adjacent to semiconductive source/drain regions, which may be regions of doped
silicon or regions on which source/drain materials are to be formed. Thus, the
source/drain regions may comprise the stressor layers described herein in addition

to, or instead of, doped silicon layers.

[0011] The stressor layers described herein typically comprise metal atoms
disposed in a germanium matrix, GeyMy. Large metal atoms, for example group IV
metals larger than germanium, such as tin and lead, are useful for adding
compressive stress to a germanium matrix. A germanium crystal usually has a
cubic structure with unit cell dimension about 570 pm. Each germanium atom has
a radius of about 125 pm, which tin atoms have radius of about 145 pm, and lead
has radius of between 155 and 180 pm. Adding the larger metal atoms to a
germanium crystal matrix results in a larger lattice size that exerts a uniaxial
compressive stress to lateral germanium atoms and/or biaxial tensile strain to
overlying germanium atoms. Such strain increases the energy of local electrons
and reduces the bandgap of the germanium, resulting in higher carrier mobility

compared to unstrained germanium.

[0010]Figure 1 is a flow diagram sunmari zing a net hod 100
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enbodi ment. A sem conductor substrate is positioned in a processing chanber

at 102. uctor substrate may be any sem conditctiva matarial gn
which a er is to be formed. A silicon subst
transi si is to be formed may be used in one

sem conuucitur suwsuirate may have dielectric areas formu v w our i wee
thereof in sonme enbodi nents. For exanple, a silicon substrate nay have
transi stor gate structures and dielectric spacers fornmed adjacent to

sem conductive source/drain regions, which may be regions of doped silicon
or regions on which source/drain materials are to be forned. Thus, the
sour ce/ dr 8412l egild RS REPELIRPISIISAN SHRSIEAS BRYJIavE ARATDILER FIBEE! lWPei n i n
addi tion tQiacht IWhRAANE stredORCBysr Isi 90K kWRidSas bRkl T hanstborgary | ayers
descri bed herein typically conpriSe netal atons di sposed in a gernmani um
matri x, Géi(Wuquarﬁ'@ ekl siessry, Inf BYis eragrFPelies Gupnipviahstrass ontr e t han
ger mani um ; i d, f i e iStress
Po & ger muSEPAET pblrerfif LaREC i it Bpect e oMo BRI RE 1 L e

wi th unit depbsitedi onendhe stragsnutlayETOsp that Eablaxige tansie straiatisrappbed & thedi us of
about 125 L C i ms have radius of about 145 pm and |ead has
radi us of 9%2&13\%@@ %Ehé;lr@;e?Bo pm Adding the larger netal atons to a
germaniumcrystal matrix results in a larger lattice size that exerts a

uni axi al d@MPr es < gerMaANiWR pracyryoaiscprarvidge torthe praceasngschanthes coniaiiidcl
tensile s i Yd r hm I 0,1 C he
cner gy of ‘T ratElor K Boras ALK $ho e Shedton BTHERSRE 4

r esul ti ng germénmigime hydrite;, | rchimabi gérmaneopetlgd digermase r@eaalded), ger higheum WO

nave a gof SN ATl Of ayarilibanes” TRE hrradbutebdBh My 7° o™

be f or med nagegaiith ao€ardet gas)sitstio mayabe agtanoehative. gdshsudBeadvhitogergaer 1 n
this case, a Iplies a uniaxial stress ontp the neighborin ger m i um.| ayer.
'n anot hofVIG98R05%, Rba dbiaRs, MichanRalum & &09TE Qieh6erpBato Ber¢dfe
stressor ITamﬁeretio lsﬂ?érim?énim mﬁagr?r voturséttie fistviratentol caragpddseftbw gatgI Ir@ay ]
ger mani um channe aver . er nanlt um precur sor_| s I OVI to the
O aas: menrtie coRURl aem Aol UEnsTE dHeLeh Qi CEs T BgoT b raootnay ¢ She

ger mani umppcs;ﬁﬁwrs@dsm@owp%qaldbbuagmrdr?anumgm/rdthbd@w wdledityaresied.mene
(GeH4), di %er manggﬁGeZH&, or. hi gh;_her hyari des (GexH2x+§%J or a .conbj nation
t her eof . PREERIPPRHMERISpR selakdy Nighy elCithimaydMir Que Whitorpity et thgdermeshi ch may
be a non- 1836t inVg 30@$nrh 4HYIARalth bhPB8IMdRSthe VAT AR @BRBaniOm FreB@RbE gas
such as heliumor argon, or a conbination thereof. The ratio of gernmani um
precur sor M@y Qerrstveen pbauty Bleskrg ang abaut Paslm.ofaraa ehampebbaviBed t o
control g3guflePy¢ MRIPSHLY al NI IHIRG r%g%n?ef'agernﬂ?ﬁfurﬁ %tré&lfrf@}/cé?ﬁ?lagé(s
proportion from about 1% to about 99% depending on the ow veloCity
desired. fawstaie katween rabous S slmepadiabsuy 40 ghmv erayidesya neiyiformplayee

uni form t¥hi@1nets§e formed layer. In a 300 mm singl e-waf er enbodi nent, the
flow rate of germani um precursor may be between about 0.1 sLm and about 2.0
sLm For a chanber having a volune of about 50 L, at the above flow rates
for ger mai@0ith pr fctmetd halideismreyidedity the pipgessivgiseambenatifuto rsagtwithand

about 40 $mravhides,chabf O JeREeE o [EKBEStal QA QoiBiilm Natigle i s
provi ded trlcgéntg%e %rlgcegtgfwgbc%a?bdﬁ)}sglt atl%ggtg r?@ga%t&%]e?jhéé . &
metal halide may be a tin or lead halide gas, for example SnCls, SnCl,, PbCls, or
PbCl, or an organometallic chloride having the formula RMCl,, where R is methyl
or t-butyl, x is 1 or 2, M is Sn or Pb, and y is 2 or 3, such that the formed layer is

composed primarily of group IV elements.

[0015] The degree of mobility enhancement achieved in the neighboring
germanium layer depends on the lattice mismatch and consequent stress imparted

by the stressor layer. This in turn depends approximately linearly on the
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concentration of metal atoms in the stressor matrix. As the concentration of metal
increases in the stressor, the energy of valence electrons in the neighboring
stressed germanium rises due to bending and straining of orbitals, and the energy
of the conduction band decreases. At high enough concentration, the
semiconductor-metal alloy becomes a direct bandgap material {i.e. metallic). It may
be useful, in some embodiments, to limit the metal concentration so the alloy
remains an indirect bandgap material. In transistor applications, maintaining an
indirect bandgap material in source/drain regions may reduce leakage.

[0018] The metal halide is provided to the processing chamber at a flow rate
between about 10 sccm and about 300 sccm, such as between about 50 sccm and
about 200 sccm, for example about 100 sccm. The metal halide may also be
mixed with a carrier gas to achieve a desired space velocity and/or mixing
performance in the processing chamber. The metal halide may be sourced from a
solid source of metal halide crystals sublimed into a flowing carrier gas stream such
as Nz, Hz, Ar, or He, or the metal halide may be generated by passing a halogen
gas, optionally with one of the above carrier gases, over a solid metal in a
contacting chamber to perform the reaction M + 2Cl; — MCl4, where M is Sn or Pb.
The contacting chamber may be adjacent to the processing chamber, coupled
thereto by a conduit which is preferably short to reduce the possibility of metal

halide particles depositing in the conduit.

[0017] The metal halide and the germanium precursor are usually provided to
the processing chamber through different pathways. The germanium precursor is
provided through a first pathway, and the metal halide is provided through a second
pathway. The two pathways are generally different and kept separate up to the
point of entry into the processing chamber. In one embodiment, both streams enter
through a side wall of the chamber proximate an edge of the substrate support,
travel across the substrate support from one side to an opposite side thereof and
into an exhaust system. The substrate support may rotate during formation of the
stressed layer to improve uniformity. The first pathway generally communicates
with a first entry point into the processing chamber, which may comprise one or
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nore openings in a wall of the chanber or a gas distributor, such as a

shower hn~d ~nunm '~ to a wall of the chanber. The one or nore openings my
be prc of the substrate support, as descl may
be por or multi path gas distributor. Thi y

likew __ __....... _.._s with a second entry point simlai entry

point. The first and second entry points are di sposed such that the two
streans m x and provide a deposition or layer growh mxture in a region
above the substrate support. Use of a gas distributor may reduce or

elimnate the need to rotate the substrate durln pr ocessi in sone
enbodi nenf‘éore[O@@Q'QP@er”@f“'terfg‘aéﬁt}eé%@rgaﬁé&%rﬂb yiar, @B%?%ﬁISgOWBmeé‘Qi al for

hi gh str U%H;‘SI@!}I tc%l%dlltdfthé;'&ﬁe?ﬁb'ére THe éﬂ@oﬂh@@&%nﬂﬂgs@h%@r rdxdmARi 4 ai ned
bet ween about Torr and about 200 Torr, such as bet ween about 20 Torr and

about 80 POEE, o it seheliotn supRSElueS ABsTHad abveper mayrke pertaisimesiahpout 150C
and about g‘ﬁ%ﬁ_?atﬁ c8 (ﬂﬁrlgﬁbwefheagg&fndvﬁgtﬁnégqlk@mt AARGnicERs GrRP! €

about 300 atures are kept onposition tenperature of the
met al hal |sdeorpir@aims@nt sigé@arcioahe yirsilsoty pe0d.C Toe firghand. seeped snirg poimisy be

bel ow abouf, % RLa I 0eR A BIOM THBLAs MU A eBRAd B SapIRaA oy Epduces

deposi tion rat osition ra hase' cond Ions i8S ween about 50
Almn and gedmzihtm&(l@em @ negidnCaid e Ahg esubainatarauppores ddre dfay @as distrilggomani um

netal allao 8 n o.,the f ||OWI ctions:
Vo g+ colie Bfbe ol SimREE e dbed 1D B8 IR LBk b f BLe R SRRSO
-> G + 2Id@|boﬂ|rhﬂwt3\here Mis Sn or Pbh. Simlar reactions occur with the
organonetal lic chlorides described above. Hi gher order gernanes yield a m X

of chl oroger pane A nt t
deposi ts. SF(&1/go]ﬂaogeérlr \é@; %‘?ﬁ;lb@bg%ﬁ&’“lag % gepﬁrra”}é/h%on% %'J Blggl gﬁf §| t he
deposi t i ouaigctRressure An theoprogtssing chdamderogemalgmnd:abeBnaimOut 55 mtm and
about 40 sL nclud h an I e rs to provide
by enerHRHLER TORCERE aatiebnedt b ot S L BB TR Hintr el t o
to a thiclapesis4®qonweeTedperaturd(d batviedeth about 150°C and about 500°C, such as
between about 200°C and about 400°C, for example about 300°C. Temperatures
are kept below a decomposition temperature of the metal halide precursor,
generally about 600°C or lower. Pressures may be below about 5 Torr in some
embodiments, but reduced pressure also reduces deposition rate. Deposition rate

at these conditions is between about 50 A/min and about 500 A/min.

[0019] A germanium stressor layer, or germanium metal alloy layer, is formed at
108, according to the following reactions:

MCl; + GeHs — MH.Cl> + GeH»Cl»
MHoClo + Ho — M + 2HCI + H,
GeHCl, + Hy — Ge + 2HCI + H,

where M is Sn or Pb. Similar reactions occur with the organometallic chlorides
described above. Higher order germanes vyield a mix of chlorogermane
intermediates, which similarly resolve into germanium deposits. Hydrogen gas may

be provided to the chamber to facilitate the deposition reactions. A flowrate of
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about 800 A. Concentration of tin atoms in a germaniumnatriXx may be

bet wee jout 12% such as between about © for
exanpl ~ding to the nethod 100. If |ea
concentration or reaa atons in the germaniummatrix m._, __ oo —--ut

0. 2% and about 5% such as between about 1% and about 3% for exarrpl e about
2% A mxture of lead and tin may be used, if desired. Lead may achi eve

hi gher bandgap reduction at | ower doses than ti n, and using a m xture of
lead and tin may be advantageous in some enbodi ments for delivering
processability (i.e. tin halides are nore stable than |ead halides at

el evat ed M%j@@ea@aﬁ beiweanaboybrsLBYANE-RRAME AP ShM HandgaRcvdasivith amy or

[0021] Fi gu)|@f thd sredurkbidvio PrRAdAHn SMBTERE h?drBQe@céWéehQQtu&po according to
anot her enbodi nent. The nethod 200 is simlar in nmany respects to the

met hod 100, and may be used to achieve simlar results when 5 c/‘&esm ng
subst r at e4998%y nd NedaYrdn dmieally dleppsited telatickness bgivses.abat 3¢

subst r at e Jpgui H@b Ae%mﬂﬁﬂéﬁfﬁf ﬁw@tdﬁwlrﬁ@tg@rrﬁarﬁ.@ﬁtﬁa\é@& rhéy Qbfﬁéﬂﬁé‘éh ina
pl‘ ocessi ng chanber with characteristics as describ above i n connection

wi th Fi guggoyt 1%tangioaboul 16, rah @ﬁwbﬁi\@eﬁﬂéféﬁut%%ﬁ aﬁayt ¥é. fnexampiene

ger mani UmgBHeCHYS Ut offRLId BRAmethdiORARC Y] Lé%d"YstJ‘seﬁ' G ontraribi® oPrid ded to
t he processing chanber through a first pat tin or

precur sor 2t@Ms i thexgarmanpim ma’ﬁrlbﬁ@wt@a@et}ﬂﬁ@@@bﬁm@Z%AﬁH@IabmW%eSm’iy of the
tinor le n i IS
pr ovi ded 05 PREcH] SRL1 19E8AE pOG ek ol infig ABBL AN Aiue AL A 208,
a deposi t itiormayphe ru@ed Sipdesieesl. i ls2qor may @ebllet/e) higher pamdmnedgctmImaattjewer The
dep05| tio i i [,OVi t mani um
i h - ands SPSFodE BRE Sho Salkg A4 Bpata e v REPRBLE B B r o
speci es seh&m:dnmmty fasr&mhvamg:tapoeémbtutys(pecmrebalfdeerare hmrellstidbmcmlancteaobgl ons
of the su rat flas eé£ t han f g]t e sem on uctl\rﬁ? i ons 'Ij(hus t he
deposi t i o oqesaé e&é"eﬁ%‘yreﬁ wih SRine 9[‘?%}“%’3 P8'i‘ G Pecause in
sonme enbodi rrents selectivity may be controlled by adjusting the anmount of
t he sel ectiaoe]t y dagure a2 |$pﬂeﬂbwsdiagﬂaat iswmrmarlztrigearmatttoidvm@mcd)relmg to t he

reaction m.x ure 023 hﬁ1 degﬁs é®n Conﬂfae" eci es 'tS tt | caI I

hal ogen C(?HP Chi® es, SsUCh'® Ralh 'nfrB nyeggg%ﬁtg P or HBr .

I n oneI ent10dj mmaytbbmsdep@abmgmsmﬁm$ rlreeUIt§wbem Emcesm@:blgbsﬁamajmmfg ti 03
control species oVi at a rat e, bet n. about. 10, sccm an
Shout 1ooBetignalermeRaBieEdndnnd, A 2lfa 8 OnRe DRS00 SRR or
exanpl e akadtdielflris tsaturek &y Bispgsstiiinha §Qic@§§|h ch¥mBadwille pRsiaticaibtidsadse My be
control | ed bé_ adj ust i n% a volunetric_rati osition control s eci es to

d
ger mani um ds# shoveaATheHEctionmith Fighifds 6585& 2 BRI HRGUEIA™  but

i nproves s@i@Cinhy bk Yany bR theV@drinaRium BrebliRerd dddcabed md&ihﬁébﬂdrﬂnnwp@hfé)'
species to germani um precursor, ranges between about 0.01 and about 0.1 for

most  enbodi FeRtoyided jeihe prasestiaa shambat tuowsh ardiEstasduvan A6 rtineanpl e
about 0. 04eadffrebi¥@oM BP A mRARe BF tif BRd TGS L8R RARKIMANDE 8h§ of thedltPut 50

A/min, while at the low end of the range the deposition rate i s about
500A/ m n. OHdﬁwk/rénecuréprSt%cubﬁéab@mlnﬁomn@h%w@e Figure rh iriaviHedto éeel ectric

regi ons o Afé%suﬁ?%ﬁ%h%?th‘r Odhog Qs ar \éﬁgmaa)l\hl le at the lower end of the

range, eposftion rate Re “sem conduct i ve regions is about 50 tines
t he dep05| tion rate on the dielectric regions. [0024] The anmount of
conpr essi V922l r e 208.r 8ddROSItIGY EoRiradt sRESIEGr I Kyaidagajo the processing

chamber. The deposition control species is provided to control deposition of
germanium, tin, and/or lead on the surface of the substrate. The deposition control
species selectively removes deposited species from the dielectric regions of the
substrate faster than from the semiconductive regions. Thus, the deposition control

species may be a selectivity control species because in some embodiments
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selectivity may be controlled by adjusting the amount of the selectivity control
species relative to the reactive species in the reaction mixture.

[0023] The deposition control species is typically a halogen containing species,
such as a halide, for example HCI, HF, or HBr. In one embodiment, the deposition
control species is HCl. The deposition control species may be provided at a flow
rate between about 10 sccm and about 1000 sccm, such as between about 100
sccmand about 500 scem, for example about 200 scecm. Layer growth selectivity
and deposition rate may be controlled by adjusting a volumetric ratio of deposition
control species to germanium precursor. A higher ratio reduces deposition rate
overall, but improves selectivity. The volumetric flow ratio of deposition control
species to germanium precursor ranges between about 0.01 and about 0.1 for most
embodiments, such as between about 0.02 and about 0.06, for example about
0.04. At the upper end of the range the deposition rate is about 50 A/min, while at
the low end of the range the deposition rate is about 500A/min. However, at the
upper end of the range, film growth on dielectric regions of the substrate is not
observed, while at the lower end of the range, the deposition rate on the
semiconductive regions is about 50 times the deposition rate on the dielectric

regions.

[0024] The amount of compressive stress introduced by the stressor layer may
be controlled at low metal concentrations by varying the concentration of metal
incorporated in the stressor matrix. The metal concentration may be controlled by
adjusting a ratio of metal precursor to germanium precursor in the reaction mixture.
For most embodiments, the ratio of volumetric flow rates of metal precursor to
germanium precursor provided to the processing chamber will be between about
1% and about 20%, such as between about 4% and about 12%, for example
about 8%.

[0025] Figure 3 is a schematic diagram of an apparatus 300 according to
another embodiment. The apparatus 300 is useable for practicing the methods
described herein for forming stressed layers. A processing chamber 302 has a

substrate support 308, which may be a rotating substrate support, disposed in an
8
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WD 2012/ 134512PCT/ US2011/ 045795 [ 0028] The chem cal deliverv svstem 310

del i ver cursors, optionally with carri el
ni troge en, to the chanber 302. The chel /stem
310 may depositon or selectivity control
chanber ... .... ...c...cal delivery system 310 nmay incluae 11quia or gaseous

sources and controls (not shown), which nmay be configured in a gas panel.

[ 0029] The contact chanber 312 may be coupled to either the side entry point
320 or the showerhead 304 by a conduit 314 disposed to carry a netal
precursor .to . the chanber 302. Conduits 314, 316, and 322 may be heat ed to a
t enper at uidert heef afotieatsereram $08HS Wisppsed faging oRe rsife of ”}ﬂ

condensat isgpp & 30t A|ter*ﬂ§ e‘I)ﬁ% ﬁéb@%b@r%etrﬁﬁfﬁé Bmbdie£RNhasLb&RASRESp o?'tl2
typically contains a bed solid nmetal or metal halide crystals. The netal

hal i de cry98al & gagmber @Ubl admtednsubetrﬁerwp@prtg% desennageth cAmoglY one or
both of t%%sugﬁéd fiped F‘é@é‘fﬂ“ﬂt?@@gzgﬁﬂ% tha_@%rs% t;ﬁ’“d;%t Bigh glelo ntacted
rough t ee

wi th a hal ogén gas source provi one or of “th
condui t s 3¥@RperatirgGlicon nltmlfef ilenbisdiesk hebruarhdl LY mpysbes adanied |th bplicbw ded

thr ough 2 fd 3ba B SESHEPNINE 8% WLEe HEBIIASHS BaRrheg RERh o

t hrough a sec con ases, eit or subl'imng or
reacting, chambbewﬁthoa@mfnp Hreatig raoqlwmsrwcn‘eedilm @ommetrdy aksipnekk U.Sui di zed

bed to en nee cti st be u pr event
ont o non g bt 20pa 0o RRD. Bl MoBlal QLR Jim REAGRE.E ay
fl ow acr omb@sﬁeldxmdrch(ﬂ?i @00t mby(ﬂlsdme aHaﬂ)teUItde)ub@dae b3 6judrdesxitieads t
system 330 is co Ied he ¢ 2., The ex Hst, system 330 may be
ol o0 1 dete 30H I Biactte Wity elD estited ttgin: ot Carr S0 Badend on t he
| ocati on @f 3d0engaSed™ Ehambén botreagdiabieefom Eﬂprng@svmemaﬂy lhbr, @8 Gantdhe

shower head, 304 e exhaust stem nmay be coupl ed to a bottgmwal |l of the
chanber, b"i‘f@ngaﬁ RE&dBRY %a?%@egéﬂsmaxeﬁngmﬁﬁ%bo drperindegerinedereBri al s or

t hrough amnhansigéeysirgPeitinitbr 2 RBRWaeE ITBHbVithéadBY4 her gisSemperhtaery an
edge of the substrate support and coupled to the exhaust system 330 in sone

enmbodi mentCE‘amPBF érte@eteﬂy SRSRBL AP hEpYided i%@%@(ﬁﬁ%&sﬂngs?ﬁr@ﬁﬁré@@uﬁﬁ)ﬁ be

coupled tgq %EI Bféesl&e‘\%iip%o BPiPRThbmbkPgosi de entry point 320.
WO 2012/ 134512P /USZO 1/ 045795 [ 0031] An exhaust conduit 340 coupl es an

exhaust ca(P 332 to a vacuumé)
026] A feed system 328, including a chemical delivery system 310 and a metal

precursor contact chamber 312, is coupled to the chamber 302 through a variety of
conduits. A first conduit 322 and a second conduit 324 may couple the feed
system 328 to the optional showerhead 304. For performing the methods
described herein, the showerhead 304 may be a dual-pathway showerhead to
prevent mixing of the precursors prior to entry into the chamber 302. An exemplary
dual-pathway showerhead is described in commonly assigned U.S. Patent
6,983,892, entitled “Gas distribution showerhead for semiconductor processing”,
issued January 10, 2006.

[0027] Alternately, or additionally, cross-flow gas injection may be practiced by
providing first and second cross-flow gas conduits 316 and 318 to the side entry
point 320. An example of a cross-flow injection configuration is described in US
Patent 6,500,734. The apparatus 300 may contain both a showerhead
configuration and a cross-flow injection configuration, or only one or the other

configuration.
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352 through a throttle valve 366. A jacket 368 enconpasses the exhaust

conduit °*" ~=~ **+--~*+*1e valve 366 fromthe exhaust ¢ e © 2t 350
of the The jacket 368 enables therm

exhaust prevent condensation of exhaus i ne.
Any heat . iieer =, ---h as steam or hot air, water, lid,

may be used to maintain the exhaust conduit at a terrperature above a dew
poi nt of the exhaust gas Alternately, the jacket may include resistive
heating elenents (i.e. an electric blanket). A condensation trap 336 may be

coupled to the exhaust conduit 340 by a valve 338, if desired, to further
enhance t 1%88)i ng 7O &RGMICBh HSH¥RIY e 8YSIAM: R0 edlplivigst %@?B'Hf"s&‘lﬁecufﬁ%rsvacuum
punp 352 %M@né?lf/fwnth%a"f‘rrbr%}é%§§€éﬁ aSHFbeEN 3RG/oF RyREgEN, ah trabaimmmitapgondui t
354, which is typically not heated or jacketed, and cleaned gas exhausted
at 358. Tdheuwherdgal deliMey syaemidi§ roay A eldelivarpepesitoner selestivty eopiralii t 340,
t he exhau e r ol yrer
mat eri al . %Fsgggfcg‘htgs%é%oﬂﬁ% t?r J@?g‘fhgﬁ‘ IdagclzPPU%?@%gI%?@a%}Mn@Q)a%hddéq% 00be
coupl ed i o gaseeuseNtLHOSY agy soaivISI0otshawat)i which qoay be IBafigurad dh angsgs be
coupl ed t& i crowave or RF chanber for generating active cleaning

speci es. c?eanl ng gas line 326 may provi de cl eaning gases fromthe

chem cal delivery system 310 to the exhaust conduit 340, proceeding through
t he acti véo02diur cd hgepntact chiembeed!2 ray lof cawnled o sjterrithe sidsr erireneinhg

al l ows cl i r or

cl eani ng g’ﬁgﬁg%]b%gndd%éggg{(%@hép %%ﬁqﬁ@ﬂ JPAT?%%% QZ%‘F'& ﬁé%ﬁe@%%gh{h as

t he chanbdhne Bb@mberr 3@y Conduitee B14s&16, tamdp@t X ovam lichbeated Hodsteb@i@rainege 200,

i ncl udes t re to

vol atile E’aﬁ'y %Fer?gg(lf\% g% g@@fzcﬁcﬁg t@%&ﬁﬁ@% Féret\'%ﬂp(\’(oq{({ehggrrtﬁjlnn arﬁ(%ggl bel ow
about 600Gatids spng;:uesj therging, Thanmbniaet ahameplosm g/pa:raey conl\aerstaaded of bhlid

typicaIIyS X or . ha may be chl orj s, fl.uorine
gae, “har” et g ot RN 6By e il DRIOP iR e reh e e P e
heaéI i ng ofcatriee 9|e>srmus|tie@@mdugh dng drafothegdesl gas Spet icahdyitsi $62 bﬁd Sghaust
condui t i |ns at

ernate , .chanber tenperature e k pt below
Shoat 400&he oy itelmay b GoaEtol i3 RaBr0 GRE Sedeorratair FEo
condensat lo@'botr{ @ﬂﬁé]gébtf@émaérﬂjﬁmwamm@ o drer éthb&dimest, rael’ieﬂ@jeri Qé@r may
i nclude cyclical processes of formng a substantially pure epitaxial

ger mani umSPHEr ISagVidRd nthfayoh adirst ﬂ%?t a‘?eddﬁﬁ'éQP tephe a[%?"ﬁl a @RI ayer ,
the pure M&&pﬂh@odgwaeécérﬂf fe@d cohalit 38Y. amd gdseBpbitier fbroithhiddre net al

pr ecur sor vvh| | e maintaining fTow of the germani um precursor, éjgenera |y

accor di ng Of 66acEBY B3y dedlomierdbroysBaenowdered matalartiriahiaids fiuidizesyked havi ng
gr aded SURESSERYo DEANR] by RELARKIARNG: TG Ry R g8 TN HIRY ecur sor

for a period of tine rman epitaxial 1nit ayer o substantial ly
pure ger mgnirainmest &f MiafiFlds oo dfe chembert a02.prdemalely, e aasasnina dlovf | ow

rate, and_then aJJﬂ(%esgﬁa H%télg)egfdtgg{ar"@%%gf the netal precursor to a final

flow rate acco to an tern, linear or non-linear. Such a
graded stress Iayer may adhere to underlylng | ayers nore strongly while

provi di ng [903€Ir eagedexhasst spsiemobil is gounled 3o v ichampere3@dr eldsi enaust
di rect ed ts? stEAPSSY @%93)%\/(?)]; g[?'a%'tﬁé“é‘ﬁ% Rl at%&%op@&qerﬁt%éag%h, fARAGAEENt s of

the i nvention nmay w t hout epart| romthe basic scop
t her eof . depend on the location of the gas entry into the chamber For gas entry through

the showerhead 304, the exhaust system may be coupled to a bottom wall of the
chamber, around the heat source 306, for example, by one or more portals or
through an annular opening. An annular manifold may be disposed near an edge
of the substrate support and coupled to the exhaust system 330 in some
embodiments. For cross-flow embodiments, the exhaust system 330 may be

coupled to a side wall of the chamber opposite the side entry point 320.
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What is clainmed is: 1. A nethod of form ng germanium stressor |ayers on a

subst | jositioning the substrate in a er ;
flow cursor into the processing cha ng a
met al “ecursor in a reaction volune ¢

processi ng cnanoer; 110w ng the stressor precursor in |
chanber; and grow ng the gernmanium stressor |ayer epitaxially on the
substrate. 2. The nethod of claim1, further conprising flowng a
selectivity control species into the chanber. 3. The nethod of claim 2,
wherein the substrate conprises dielectric regions and sem conductive

regi ons, &9 he AlePREUBLSANAUEHOrQUPlesSe) @atishedRBal tep YEPYWEMPUAR h rat e

of the gerB@EQhM”bﬁtarm% vhRY¥ &J660MA fdtkeHB68 @REShFasied tAE BLEARIUBhAYE
regi ons. met hod of claim 1, "wherein formng the stressor precursor

conpri ses %D@mrtbméﬂ%éa'@é% &t tierhgustaepi 12 g bl 35Q of 814 vaawIml

material. ,,mp 352 The jacket 368 enables thermal control of the exhaust conduit 340 to
prevent condensation of exhaust species in the line. Any heating medium, such as
steam, or hot air, water, or other hot fluid, may be used to maintain the exhaust
conduit at a temperature above a dew point of the exhaust gas. Alternately, the
jacket may include resistive heating elements (i.e. an electric blanket). A
condensation trap 336 may be coupled to the exhaust conduit 340 by a valve 338,
if desired, to further enhance trapping of any condensates in the exhaust system
330. The vacuum pump 352 pays off to an abatement system 356 through an
abatement conduit 354, which is typically not heated or jacketed, and cleaned gas
exhausted at 358. To further reduce wetting or nucleation in the exhaust conduit
340, the exhaust conduit 340 may be coated with quartz or with an inert polymer

material.

[0032] Plasma or ultraviolet activated cleaning agents may be coupled into the
exhaust system 330 by active source 334, which may be coupled to a microwave or
RF chamber for generating active cleaning species. A cleaning gas line 326 may
provide cleaning gases from the chemical delivery system 310 to the exhaust
conduit 340, proceeding through the active source 334, if desired. Use of active

species for cleaning allows cleaning to proceed at reduced temperatures.

[0033] A method for cleaning a chamber used to perform the methods described
herein, such as the chamber 302, or any chamber used to perform the methods
100 and 200, includes providing a halogen gas to the chamber, converting residues
to volatile halides. Temperature of the chamber is typically maintained below about
600°C during cleaning, and metal deposits are converted to MCly, typically SnCly or
PbClx. The halogen gas may be chlorine gas, fluorine gas, HCI, or HF. The
chamber may be heated to an extent that separate heating of the exhaust conduit

is not needed, especially if the exhaust conduit is insulated. Alternately, chamber
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5. The method of claim1l1l, wherein the stressor precursor conprises

organo*’ ~ ~hl~vidac having the general formula RxSnd 't hyl
or t-b , and y is 2 or 3, and the str: ;
sublin solid crystals into a carrier si ng
N2, H2 The method of claim1, wherein the gernani um

precursor is germane or digermane, and the stressor precursor is an
organotin chloride. 7. The nmethod of claim1, wherein the gernmani um
precursor and the stressor precursor are flowed across the chanber from one

side of the chanmber to an opgﬂsite side of the chanber. 8. The nethod of
claim 1, WEPREHIrE Ay Re FaRi bePYratoyt 489 Gritidesieds epd 4o expgust GPadHit ar e

f1 owed i nta@ptHagteng eng%%g @rshower head. 13 WO
2012/ 134512PCT/ US2011/ 045795 9. The met hod of claim 3, wherein the

sel ectivi t(}/ control species sel ectively renoves material deposi ted on the
di el ect ri d9038gi orfdtentate panbogiaentaob forming aTHieesser lyer BrRYANEHAS SyclisRkr ei n

the grow npgdcged @f fTBthHg‘ §tsru§§t%ﬁﬁallya}z5@rre Sﬁlltéﬁd'@érlﬁén% hirersaRpthad e
conpri ses mai ntaining the processing chanber at pressure between about 5

Torr and &p8iRg 80 rﬂQS?'rd%@G apltaér%éeamaﬂ@nbé@meﬁheawm apdodoradd layssut  400C.
or ecur sor Rty SEEERTTSoPAR LR, 6t o MUEAEaRSH AR rEIRAREETRY abour
100: 1. of the germanium precursor, generally according to recipes described above. In

other embodiments, a layer having graded stress may be formed by establishing

flow of the germanium precursor for a period of time to form an epitaxial initial layer

of substantially pure germanium, starting flow of the metal precursor at an initial

flow rate, and then increasing the flow rate of the metal precursor to a final flow rate

according to any desired pattern, linear or non-linear. Such a graded stress layer

may adhere to underlying layers more strongly while providing increased electron

mobility.

[0035] While the foregoing is directed to embodiments of the invention, other
and further embodiments of the invention may be devised without departing from
the basic scope thereof.
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What is claimed is:

1. A method of forming germanium stressor layers on a substrate, comprising:
positioning the substrate in a processing chamber;
flowing a germanium precursor into the processing chamber;
forming a metal halide stressor precursor in a reaction volume coupled to the
processing chamber;
flowing the stressor precursor into the processing chamber; and
growing the germanium stressor layer epitaxially on the substrate.

2, The method of claim 1, further comprising flowing a selectivity control species

into the chamber.

3. The method of claim 2, wherein the substrate comprises dielectric regions and
semiconductive regions, and the selectivity control species controls relative growth
rate of the germanium stressor layer on the dielectric and semiconductive regions.

4, The method of claim 1, wherein forming the stressor precursor comprises

flowing a halogen-containing carrier gas over a solid metal material.

5. The method of claim 1, wherein the stressor precursor comprises organotin
chlorides having the general formula R.SnCly, wherein R is methyl or t-butyl, x is 1 or
2, and y is 2 or 3, and the stressor precursor is sublimed from anhydrous solid crystals
info a carrier gas stream comprising Nz, Ha, Ar, or He,

6. The method of claim 1, wherein the germanium precursor is germane or

digermane, and the stressor precursor is an organotin chloride.

13
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7. The method of claim 1, wherein the germanium precursor and the stressor
precursor are flowed across the chamber from one side of the chamber to an opposite

side of the chamber,

8. The method of claim 1, wherein the germanium precursor and the stressor
precursor are flowed into the chamber through a showerhead.

9. The method of claim 3, wherein the selectivity control species selectively

removes material deposited on the dielectric regions of the substrate.

10.  The method of claim 2, wherein the growing the germanium stressor layer
epitaxially on the substrate comprises maintaining the processing chamber at a
pressure between about 5 Torr and about 80 Torr and a temperature between about
150°C and about 400°C.

11.  The method of claim 10, wherein a flow rate ratio of the stressor precursor to
the selectivity control species is between about 2:1 and about 100:1.

12. An apparatus for forming a stressor layeron a
substrate, comprising:

a rotatable substrate support disposed in an enclosure;
a plurality of gas inlets formed in a wall of the enclosure;

a least one gas outlet formed in a wall of the enclosure;
a reactive precursor generator coupled to a gas inlet by a first conduit;
a non-reactive precursor source coupled fo a gas inlet by a second conduit; and

a heated exhaust system comprising a condensation trap.
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13.  The apparatus of claim 12, wherein at least one gas inlet is formed in a wall of
the enclosure near the substrate support and the reactive source is coupled to a

halide source.

14.  The apparatus of claim 12, wherein the heated exhaust system comprises

jacketed piping and valves and an adhesion reducing coating.

15.  The apparatus of claim 14, wherein the heated exhaust system further
comprises a vacuum pump, and the jacketed piping and valves end at an inlet of the

vacuum pump.
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